The sporadic appearance of floc from refined, white cane sugars in alcohol 21 beverages remains a technical problem for both beverage manufacturers and sugar refiners. 22 Cane invert sugars mixed with 60% pure alcohol and water increased light scattering by up to 23 ~1000-fold. Insoluble and soluble starch, fat, inorganic ash, oligosaccharides, Brix, and pH were 24 not involved in the prevailing floc formation mechanism. Strong polynomial correlations existed 25 between the haze floc and indicator values I.V. (color at 420 nm pH 9.0/color at pH 4.0 -an 26 indirect measure of polyphenolic and flavonoid colorants) (R 2 =0.815) and protein (R 2 =0.819) 27 content of the invert sugars. Ethanol induced denaturation of the protein exposed hydrophobic 28 polyphenol binding sites that were further exposed when heated to 80 ˚C. A tentative 29 mechanism for floc formation was advanced by molecular probing with a haze (floc) active 30 protein and polyphenol as well as polar, non-polar, and ionic solvents. 31 32 KEYWORDS: alcohol beverage floc; refined cane sugar; haze active protein; haze active 33 polyphenol; denatured protein; 34 35 36 37 38 39 40 41 Page 2 of 43 ACS Paragon Plus Environment Journal of Agricultural and Food Chemistry 42
INTRODUCTION 10
Floc Formation by Cane Invert Sugars. Four invert sugars (A to D) produced from 196 sugarcane refined sugars and known to cause alcohol floc formation, were first studied. Floc 197 (haze) formation was measured by light scattering nephelometry, which is used routinely in the 198 quality control of beverages, including alcohol beverages such as ciders and beers. 10 The haze of 199 the invert sugars was very low, i.e., between 0.018 to 0.024 NTU, and bore no relationship to the 200 floc formed on the addition of ethanol (Table 1) . Flocs formed in the unfiltered 60% ABV 201 samples (invert sugar mixed with pure alcohol and water to a 60% ABV target) increased light 202 scattering by up to ~1000-fold, i.e., 11.3 to 20.5 NTU greater than the initial invert sugars. The 203 flocs formed were white and fluffy and eventually precipitated to the bottom of the bottle. As 204 expected, when the 60% ABV samples were filtered the NTU values markedly decreased (Table   205 1). 206 The acidic pH values of the initial invert sugars varied from 3.85 to 5.77 (Table 1) . The 207 alcohol manufacturer who provided the samples does not adjust the pH of the sugar when 208 producing beverages, but many alcohol beverages are between pH 3.0 and 4.0. As seen in Table   209 1, the addition of ethanol to the sugars increased the pH most likely because of the diluting out of 210 acids, whereas the filtering of these solutions to remove the flocs had negligible effect on the pH.
211
The initial pH of the invert sugars strongly affected the pH of the final filtered ABV solutions 212 (R 2 =0.975; y=0.484x + 3.424). Neither the pH nor the Brix values were found to have any 213 relationship on floc formation.
214
Chemical Composition Analyses. At the beginning of this study, the cause of floc 215 formation in alcohol beverages sweetened with refined cane sugars was not known so initial 216 research focused on a few possibilities, including starch, dextran, oligosaccharides, fat, ash, 217 protein, color, etc. In this study, none of the invert sugars contained any soluble or insoluble starch (Table 2) , which strongly indicated that no starch physical forms are involved in the floc 219 formation mechanism. Nevertheless, this does not preclude that starch molecules could not be 220 entrained or co-precipitated with the precipitated floc. Lemos et al. 6 showed that soluble starch 221 can cause the formation of flocs in ethanol solution although dextran had a greater effect. In this 222 study, high molecular weight dextran was measured in the samples using a specific monoclonal 223 antibody method, and results are listed in Tables 2 and 3. All the invert sugars contained dextran 224 but there was not a strong relationship between dextran and haze floc formation. Nevertheless, 225 the dextran content was markedly reduced in the 60% ABV samples suggesting it became 226 insoluble in the ethanol and may have associated with the floc, although it was not involved in 227 the initial mechanism of floc formation. Fat concentrations of 0.3 to 0.5% were measured in the 228 invert sugars which may reflect wax from the surface of sugarcane stalks. The fat concentrations 229 were reduced to negligible levels (<0.1%) in the unfiltered 60% ABV samples, which are less 230 than the 0.1% limit of the method of analysis used. Thus fat was dissolved in the ethanol and not 231 involved in floc formation (Table 2) . Additionally, inorganic ash concentrations were found to 232 have no relationship with floc formation (Table 2) . Fingerprint oligosaccharide chromatograms 233 of the unfiltered 60% ABV samples are illustrated in Figure 1 . The samples contained very few 234 oligosaccharides which were not related to floc formation. The chromatograms of the initial 235 invert sugars and filtered samples (not shown) were very similar to the unfiltered samples.
236
The color of the initial four cane invert samples A to D as well as three more (E to G) sent 237 from the alcohol manufacturer was measured at pH 3.0, 4.0, 7.0, and 9.0, and the color Indicator 238 Value I.V. was calculated as the ratio of color at pH 9.0/color at pH 4.0 as well as pH 9.0 239 color/color at pH 3.0. As expected, colors at pH 4.0 and 7.0 were lower than at pH 9.0, because 240 color intensity depends on the solution pH due to changes in molecular structure, ionization, and 12 association-dissociation equilibria 15 ; the changes are not linear and color intensity changes most 242 steeply in the pH range 6.0 to 8.0 (Tables 2 and 3) . E, F, and G, formed flocs of 16.8, 10.4, and 14.4 NTU, respectively 6.9 7.6 6.9 6.5 6.3 20 5.8 7.6 6.2 6.2 5.5 40 5.8 9.8 6.7 5.6 4.2 *The A, C, and D 60% ABV samples were re-created in the USDA laboratory from the original 705 invert sugars. Initial Haze (NTU) values are lower because they had not been left as long to 706 form as the original samples (see Table 1 ). 
